ticipants signed written informed consent.
Diagnosis of iron deficiency anemia
The diagnosis of anemia was made according to complete blood count (Cell-Dyne 4000 cell counter; Abbott Laboratories, Abbott Park, IL, USA), serum ferritin, vitamin B 12 and folate levels those carried out by using E 170 module for Modular Analytics-E170 and original material manifactured for this device (Roche Diagnostics GmmH, Mannheim, Germany). Apart from low serum ferritin levels, whole blood hemoglobin values below 11.7 g/dl for females and 13 g/dl for males were regarded as satisfactory criteria for the diagnosis of iron deficiency anemia. We used serum iron, serum iron binding capacity and C-reactive protein levels for excluding the patients with other causes of anemia.
HRV
Twenty-four-hr ambulatory electrocardiographic recordings were obtained from each subject with Rozinn RZ 152 digital holter recorder (Rozinn Electronics, Inc., Glendale, NY, USA) with the sampling frequency of 1,024 Hz. All cases were strictly advised to maintain the normal course of their daily life. Their obedience to this advice was confirmed again while removing the device from the cases. Any medication was stopped at least one week prior to Holter ECG examination. The HRV was determined by the software of the same device. Due to technical limitations in analysis software, only the timedomain indices of HRV from a 24-hr recording were calculated.
The time domain HRV parameters that measured in our study were the standard deviation of all normal sinus R-R intervals over 24 hrs (SDNN), the standard deviation of all averaged normal sinus R-R intervals for each 5-min segment in the 24-hr recordings (SDANN), root mean square of successive differences between normal sinus R-R intervals (RMSSD), the ratio of number of all R-R intervals to the height of histogram created by the charting all the RR intervals (HRV triangular index), number of R-R intervals exceeding 50 msec (SNN50 count), the percentage of difference between adjacent normal R-R intervals that are greater than 50 msec computed over the entire 24-hr ECG recording (PNN50).
In addition to HRV variables, basic rhythm and associated disturbances such as atrial or ventricular arrhythmias were also carefully evaluated. tion of the beat-to-beat differences in cardiac rhythm, is an indirect method for cardiac autonomic function determination, it has extensively been used for that purpose as a reliable and noninvasive tool.
Recent advances in technology have provided us more accurate data information via automated analysis of 24-hr electrocardiography (ECG) (Task Force of the European Society of Cardiology the North American Society of Pacing Electrophysiology 1996). HRV parameters can be obtained with time domain, spectral domain, non-linear and mathematical modeling methods. It shows a circadian variation being maximal during sleep (Malpas and Purdie 1990 ) decreasing with age (O'Brien et al. 1986 ). The loss of this beat-to-beat variability may be indicative of disease process (Freeman et al. 1991; Odemuyiwa et al. 1991; Ponikowski et al. 1997 ).
C a r d i a c a u t o n o m i c f u n c t i o n -a n e m i a relationship has been studied in various anemic patient populations including vitamin B 12 deficiency (Sozen et al. 1998) , sickle cell anemia (Romero Mestre et al. 1997 ) and thalassemia major (Veglio et al. 1998; Franzoni et al. 2004 ). The results of these studies have implied that cardiac autonomic functions are impaired in anemia. However, the predominant cause of anemia in general population, by far, is iron deficiency and there are little data about cardiac autonomic functions in anemic patients due to this condition.
This cross-sectional study is designed for detecting the autonomic status of patients with iron deficiency anemia by using time domain analysis of heart rate variability.
MATERIAL AND METHODS
Forty-three consecutive patients with iron deficiency anemia (Male/Female ratio: 15/28, mean age: 34 ± 4 years) comprised the study group. The control group was composed of age and gender-matched 39 healthy subjects (Male/Female ratio: 14/25, mean age: 32 ± 8 years). Any subject with vitamin B 12 or folate deficiency, sickle cell disease, thalassemia, diabetes and coronary artery disease were excluded from the study. The study protocol was reviewed and approved by local ethics committee of Gulhane Military Medical School, and all par-
Statistical analysis
Comparisons between the groups were carried out with 2-tailed Student's t-test for normally distributed continuous variables, Mann-Whitney's U-test for data without normal distribution and chi-square test for dichotomous variables. A p value below 0.05 was set significant.
RESULTS
There were no statistically significant differences between the study group and the control group in relation to age and gender (Table 1 ). All subjects were detected to be in sinus rhythm without episodes of sustained atrial or ventricular arrhythmias. Mean heart rate was significantly higher and mean hemoglobin, hematocrit, and ferritin levels were significantly lower in the study group in comparison with the control group as expected (Table 1) . Any evidence regarding a malignancy was not noted in participant due to clinical and laboratory examination results and there was no difference between male and females with regard to demographic, clinical and laboratory parameters in both groups. 14 ± 4 23 ± 7 < 0.05 SDNN, the standard deviation of all normal sinus R-R intervals over 24 hrs; SDANN, the standard deviation of all averaged normal sinus R-R intervals for each 5-min segment in the 24-hr recordings; RMSSD, root mean square of successive differences between normal sinus R-R intervals; HRV triangular index, the ratio of number of all R-R intervals to the height of histogram created by the charting all the RR intervals; SNN50 count, number of R-R intervals exceeding 50 msec; PNN50, the percentage of difference between adjacent normal R-R intervals that are greater than 50 msec computed over the entire 24-hr ECG recording. The statistical comparisons of HRV parameters are presented in Table 2 . All time domain indices of HRV except RMSSD and HRVtriangular index showed statistically significant decrease in patients compared to control group.
DISCUSSION
The main result of the present study was an alteration in HRV parameters of patients with iron deficiency anemia. The imbalance between sympathetic and parasympathetic nerve activities can disturb electrophysiologic properties of the heart and may probably lead to increased mortality. Indeed, decrease in HRV was suggested to predict coronary heart disease morbidity and mortality in patients after an acute coronary event (Odemuyiwa et al. 1991) . Moreover, HRV parameters were found to be altered in various disorders such as diabetic neuropathy (Kitney et al. 1982) , heart failure (Saul et al. 1988) , acute leukemias (Nevruz et al. 2007 ), allergic rhinitis , fetal type Minamata disease (Oka et al. 2002) , in preschool children with short nocturnal sleep (Sampei et al. 2006) , primary nocturnal enuresis (Dundaroz et al. 2001; Unalacak et al. 2004) , following a cardiac transplantation (Sands et al. 1989) or cardiac resynchronization therapy (Akyol et al. 2006 ) and during adrenocorticotropic hormone replacement treatment in infants with West syndrome (Hattori et al. 2007) . Veglio et al. (1998) reported decreased sympathetic activity in patients with thalassemia major. However, in that, study investigators evaluated the HRV at 2 to 5 days after transfusion and hemoglobin levels of the subjects were all in normal range. Similar decrease in time-domain parameters of HRV was also detected in nonanemic sickle cell trait carriers (Connes et al. 2006) . In contrast to these results anemic patients have low parasympathetic activity (Lakhotia et al. 1996) and all these findings may indicate that autonomic dysfunction is not dependent on the presence of anemia. Moreover, both sympathetic and parasympathetic components of HRV were significantly lower in anemic patients with vitamin B 12 deficiency (Sozen et al. 1998 ) which may suggest that anemia itself may be a cause of autonomic dysfunction. Gehi et al. (2005) also stated that anemia-low HRV association was still strong enough after adjustment of other factors such as left ventricular mass and ejection fraction in stable coronary artery disease patients Degree of anemia was suggested to correlate with the progression of autonomic dysfunction in anemic patients with familial amyloidotic polyneuropathy (Asahara et al. 1993) . Furthermore, elevations in plasma catecholamine and α 2 -receptor density levels as previously reported by Muller et al. (1991) also support the high sympathetic activity in anemic patients.
We detected an impairment in global (SDNN, SDANN) indices of HRV that might be caused by increased sympathetic or decreased parasympathetic activity. Another global parameter, HRV triangular index, was also lower in the study group but not reached statistical significance. This index is mainly affected by lower frequencies which reflect the dominance of sympathetic activity (Malik et al. 1989) . Therefore, in the light of decreased parasympathetic activity indices of HRV (RMSSD, PNN50) we speculated that sympathetic activity is dominant in patients with iron deficiency anemia. Connes et al. (2006) attributed these autonomic changes to altered hemorheological factors such as blood viscosity and red blood cell deformability in sickle cell trait carriers. Red cell deformability in iron deficient state is a controversial issue. While Tilmann and Schroter (1980) and Vaya et al. (2005) reported decreased erythrocyte deformability, some other authors stating normal values (Reinhart 1992) . Moreover iron deficiency has no effect on blood viscosity even in patients with cyanotic heart diseases (Broberg et al. 2006 ). An explanation for autonomic dysfunction in iron deficiency anemia can be low oxygen tension in tissues. Hypoxia has an important pathophysiologic role in various disease states including anemia (Zhu et al. 2002) . Although how low oxygen tension sensed by the cell is not clear, carotid body with resulting ventilatory and cardiovascular reflexes seems to has a major role in altered autonomic balance (Schultz and Sun 2000; Lahiri et al. 2006) . Despite lacking adequate convincing evidence concerning exact mechanism of carotid body activation, it is assumed as due either to hypoxia-related mitochondrial respiratory chain inhibition or potassium channel suppression which lead to intracellular calcium accumulation (Lahiri et al. 2006 ).
Limitations
The absence of patients with iron deficiency but not in anemic state should be interpreted as major limitation of the study. Interpretation of HRV indices in this group of patients may have been used for better delineation of anemia-autonomic dysfunction relation. However, there are no data in literature suggesting deteriorated autonomic functions in non-anemic iron deficiency patients and hence this question needs to be answered by further studies.
We have only been able to use the timedomain parameters of HRV for technical reasons. If frequency-domain parameters would have been included, the study may be more informative. However, we think that the study is still valuable because time-domain and frequency-domain parameters are related to each other. A change in one of them is generally suggestive of a change in the other (Vaishnav et al. 1994) .
Future expectations
We found sympathetic dominance in iron deficiency anemia, which may be in association with the cardiovascular disease and arrhythmic death in future life of these patients. This hypothesis should be searched in future mortality and morbidity studies.
